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@> Analysis of organic additives in plating paths using novel chromatographic methods in a mass balance approach. 

@ An accurate repeatable quantitative determination of 
the concentration of organic additives, additive breakdown 
products and organic contaminants in plating baths can be 
made using a novel high-pressure liquid chromatography 
apparatus in combination with size exclusion chromatog- 
raphy and total organic carbon analysis. The apparatus 
comprises (a) a chromatographic column, containing a sta- 
tionary phase and a support phase composition, having an 
inlet and an outlet; (b) a detector means for measuring the 
relative concentration of organic constituents, having an 
inlet and an outlet wherein the chromatographic column 
outlet is attached in liquid communication to the detector 
inlet; (c) a second column having a packing comprising at 
least a stationary phase composition and an inlet and an 
outlet wherein the second column outlet is connected in 
^J 1 liquid communication with the chromatographic column in- 
let, wherein the second column stationary phase com- 
w# position can substantially reduce the affect of the acidic or 
|Q basic components of the sample on the reproducibility, 
«j« precision or accuracy of the analysis; (d) a sample introduc- 
tion means having an inlet, an outlet and a sample introduc- 
^) tion port, wherein the sampie introduction means outlet is 
attached in liquid communication to the second column 
inlet; and (e) a source of solvent under pressure attached 
||J in liquid communication to the sample introduction means 
inlet. 
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ANALYSIS OF ORGANIC ADDITIVES IN 
PLATING EATHS USING NOVEL CKROI 1ft TOG RAP K I C 
METHODS IN A MASS BALANCE APPROACH 



Field of the Invention 

The invention relates to the quantitative determi- 
nation of the concentration of organic additives, 
additive breakdown products and organic contaminants in 
plating baths. 

Background of the Invention 

The advent of printed circuit boards has made 
possible the efficient assembly of highly complex 
electronic instruments such as computers, communication 
equipment, testing equipment, video equipment, etc. 
Printed circuit boards are commonly planar, flexible or 
inflexible sheets of material having thin, conductive 
lines or paths of metal on their surface onto which 
electronic components can be mechanically attached in 
order to electrically interconnect the electronic 
components into an active circuit. The further advent 
of high density, double sided or multi-layered printed 
circuit boards that are designed to interconnect very 
large numbers of very large scale integrated circuits, 
integrated circuits, transistors, resistors, capacitors 
and other electronic components, required the develop- 
ment of technology for plating metal through holes in 
the board to interconnect the sides or layers of metal 
in the high density board. 

During the manufacture of such printed circuit 
boards and such complex double sided or multi-layered 
plated-through printed circuit boards, close control 
over the deposition of copper is required so that 
neither too much nor too little copper is plated 
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on the board or in the plated-throuch holes and that the 
copper deposit has a bright shiny uniform appearance 
with physical properties of high ductility and tensile 
strength. Methods for plating copper and other metals on 
printed circuit boards involve the electrodeposit ion of 
a metal in which an electrical plating circuit is forir.ed 
that causes dissolved copper ions in a plating .solution, 
or plating medium, to combine with electrons on a 
printed circuit board hole or surface and be reduced to 
base metal. It has been found that the rate of electro- 
deposition of a metal from solution is important in 
order to efficiently and repeatedly form a uniform 
continuous smooth layer of bright shiny metal having a 
controlled depth or thickness with the good physical 
properties. Organic additives , used in electroplating 
baths, effectively control the rate of metal deposition, 
maintaining control over the physical properties of the 
plated metal as well as appearance. 

Plating baths commonly contain at least one of 
two different types of additive. Additive systems 
can contain up to 10 different organic compounds in an 
electroplating formulation. A first type of additive is 
commonly called a brightener. This family of chemical 
constituents are commonly low molecular weight monomeric 
compounds which must be maintained in a range of concen- 
tration in the plating bath of about 0.1 to 1,000 parts 
of additive per million parts of plating bath in order 
to obtain acceptable electrodeposition of the base metal 
on the printed circuit board. The concentration of 
brightener fluctuates due to the electrochemical de- 
struction of the additive and the inclusion of the 
additive in the copper plate. As the brightener con- 
centration drops, the copper electroplate can become 
coarse-grained or burned and powdery. In the instance 
that the brightener concentration is too high, the 
copper plate can again show a burned deposit with 
brittle or nonuniform results. 

Plating baths can also contain one or more of a 
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polymeric additives which are commonly called a leveler 
or a carrier. Similarly, the polymeric additives can be 
electrochemically degraded, mechanically dearaded, or 
thermally degraded, resulting in a distribution of a 
5 family of polymeric additive by-products which must be 
quantified to monitor additive quality. 

Plating baths can also derive organic contaminants 
from a number of sources including degradation products 
of additives, residual contaminants from other proces- 
10 sing steps and the organic material from which the 
circuit board is made. 

In the past, the quality of the plating medium has 
been tested using a Hull cell which is a small electro- 
deposition cell through which a current is passed and 
15 the nature of the copper electroplate is observed as it 
is plated in the cell. The concentration, purity, 
quantity of degradation or other quality of the addi- 
tives and bath constituents can be roughly evaluated by 
viewing the nature of the electrodeposition . However", 
20 the hull cell does not provide a direct measurement of 
additive concentration. Similarly, Tench, U.S. Patent 
No. 4,132,605, teaches an electrical voltametric method 
of monitoring the concentration of additives by measur- 
ing the amount of copper plated or removed during a 
25 voltametric cycle. In this test the nature and amount 
of copper plated in the electrical test cell is observed 
but a direct measurement of the concentration of speci- 
fied organic additive is not done. I am also aware that 
Zatco and others have attempted an analysis of organic 
30 components of copper plating baths using high pressure 
liquid chromatography techniques (70th AES Conference, 
June 1983). Our attempts to perform a reproducible 
quantitative routine analysis of the organic additives 
using the Zatco-type methods have not succeeded. We 
35 believe that the extremely corrosive, acidic or basic 
nature of plating baths, that we have attempted to 
analyze, interfere substantially with the chromatography 
columns used in the HPLC apparatus. 
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In liquid chromatography r more particularly high 
pressure liquid chromatography ( HPLC ) , the sample tc be 
analyzed is placed cn the end of a column than commonly 
contains a silica support which is chemically or physi- 
cally associated with a stationary phase. A solvent or 
mobile phase is directed through a chr ornatcc r aph i c 
column and carries the sample over the stationary 
phase. The differences in affinity between the compo- 
nents of the analyzed material and the stationery phase 
on the support causes the components in the sample to 
separate , or be resolved, as the solvent carries the 
material through the column. The most common column 
support material is a silica composition which has the' 
drawback that it can interact with both acidic or basic 
components of the plating bath, resulting in substantial 
interference with the separation of free components in 
the chromatographic column. We have attempted a pre- 
chromatographic neutralization of the acidic and basic 
components of the plating bath with a variety of tech- 
niques , but have found that the formation and removal of 
the resulting neutralization products or salts can cause 
substantial loss of organic material and the neutrali- 
zation products can cause an unwanted interaction with 
the silica- support during chromatographic analysis. 

Accordingly, a substantial need exists for a 
reproducible, precise, accurate, routine HPLC method 
which suffers no interference from the highly ' corrosive 
acidic or basic nature of the bath, for the analysis of 
individual and collective organic constituents in 
electroplating baths that can be rapidly and routinely 
performed on a day to day basis to determine the types 
and state of the organic additives in a plating bath. 
Further such an HPLC method is essential if size exclu- 
sion chromatography, total organic carbon analysis and 
K?LC are to be successfully used to accurately reflect 
the total state of the plating bath organic consti- 
tuent. These types of chromatographic techniques lend 
themselves very well to individual component ccncrol in 
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terrss of a feedback system for automated addition to 
allow consistent bath performance. 

Brief Discussion of the Invention 
We have found that the organic brightener additive 
constituents of plating baths can be rapidly and rou- 
tinely analyzed using an HPLC apparatus that comprises a 
source of solvent under pressure, a precolumn sample 
introduction means, a guard column containing the 
analytical column material that can absorb, neutra- 
lize, or otherwise render innocuous acidic or basic 
constituents of the bath sample, a chromatographic 
column for the separation of the organic constituents of 
the bath sample, and a detection means which can detect 
and display some measurement of the concentration of the 
organic constituents. A second column can be placed 
prior to the sample injection means containing a silica 
composition that can saturate the mobile phase with 
dissolved silica and can act to reduce dissolution of 
silica in the guard column and chromatographic column. 
Another aspect of the invention resides in . a method for 
the analysis of plating bath which comprises introducing 
an untreated sample of the plating media into the HPLC 
apparatus of the invention. A further aspect of the 
invention resides in the determination of the state of 
all organic bath constituents including determination of 
brightener concentration, molecular weight, distribution 
of leveler, organic contaminant concentration, etc. with 
a combined use of size exclusion chromatography, total 
organic carbon analysis and the novel HPLC method. 
Brief Description of the Drawings 
FIGURE 1 shows a block flow chart diagram of 
a preferred embodiment of the invention. 

FIGURE 2 shows a computer generated chart, record- 
ing the results of an analysis of a copper plating 
bath. 

FIGURE 3 shows a computer generated chart recording 
the analysis of a commercial brightener additive concen- 
trate composition. 
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FIGURE 4 shows that the high pressure liquid 
chromatography technique of the invention produces a 
linear relationship between additive concentration and 
the arbitrary integration units produced at r the detec- 
tion means. 

Detailed Description of the Invention 

A guard column which can be used in the apparatus 
and method of the invention commonly comprises a flex- 
ible or inflexible tube made of plastic , ceramic, metal, 
class or other material having dimensions of about 1 to 
100 centimeters in length, and about 0.1 to 15 milli- 
meters in inside diameter. The guard column commonly 
contains the same packing material as the analytical 
column (discussed below) which can absorb, interact 
with, neutralize or otherwise render innocuous the 
highly corrosive acidic' or basic constituents of the 
plating bath/ The packing material is retained within 
the column using commonly available retention . means - At 
the inlet and the outlet of the guard column is in- 
stalled commonly available means for attaching the guard 
column in liquid communication with other apparatus 
components. The guard column when used in conjunction 
with the precolumn (discussed below) which can saturate 
the mobile phase with silica, introduces reproducibility 
and stability into the chromatographic system " for 
plating bath analysis. 

The nature of the packing material in the guard 
column is important in order to result in substantial 
removal of the acidic or basic components of the plating 
bath while maintaining sufficient solvent flow and 
reducing pressure drop across the analytical column. The 
support material should be of sufficiently small part- 
icle size to present sufficient surface area for com- 
plete interaction between the acidic and basic compo- 
nents and the packing material. However, the particle 
size of the silica should be large enough to prevent the 
tendency of relatively small particles to plug and 
reduce the permeability of the chromatographic column 
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increasing the pressure drop across the precolumn. 
Accordingly, the packing material should have a particle 
size of 2 to 100 microns, preferably 5 to 20 microns, 
and most preferably, for reasons of low cost, high 
5 component resolution, and low pressure drop, 3 to 10 
microns. 

Attached to the guard column inlet in liquid 
communication is the outlet of a sample introduction 
means. The sample introduction means commonly is an 

10 apparatus which permits the introduction of highly 
accurate but very small volume of a liquid sample into 
the high pressure liquid chromotogr aphy apparatus. A 
broad^ variety of known sample introduction means can be 
used. Most commonly, sample injection means are used 

15 into which a hypodermic needle can be introduced to 
deposit the to-be-analyzed sample into the solvent 
stream. The sample introduction can be made using a 
solvent diverting valve which can allow introduction by 
flowing the solvent through a sample loop of the injec- 

20 tion valve. Commonly the sample size can range from 
about 1 to 1,000 microliters (uL). The outlet end of 
the sample introduction means is attached to the inlet 
of the guard column in liquid communication. The sample 
is inserted into the mobile phase at the sample intro- 

25 duction means which carries the sample first into the 
guard column and then into the chromatographic column. 

The solvent or mobile phase is generated by a 
source of solvent under pressure. The solvent can be a 
single phase aqueous solvent or organic solvent. Alter- 

30 natively, the solvent can comprise a mixture of organic 
and aqueous phases in constant proportion or can have 
the aqueous and organic components in continual varying 
concentration. Using the single phase solvent, the 
source of solvent commonly comprises a container of 

35 solvent in liquid communication with a pump that can 
generate pressures from about 1-10,000 pounds per square 
inch (psi) and can deliver the solvent under pressure 
and a controlled flow rate from 0.01 to 5.0 ml/min to 
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the inlet of the sample introduction rr.ear.s. In the 
instance a mixed solvent having a fixed solvent: ratio or 
a mixed solvent of continually varying ccrrponer.r concen- 
trations is needed r the source of solvent ccr.prises two 
5 containers of differing solvents, a gradient device in 
liquid communication with the two containers which mixes 
the solvents in proportions as programmed by the opera- 
tor. The solvents then are transferred from the gradi- 
ent device to the pump where pressure is increased for 
10 application to the sample introduction means. Preferred 
pressures for the HPLC apparatus can range from about 
100-5,000 psig and most preferably, for ease of use 
resolution, pressures can range from about 200-3,500 
psig. 

15 Attached to the guard column outlet in liquid 

communication is a chromographic column having an inlet 
and an outlet. The chromographic column can be a tube 
made of plastic, ceramic, metal, glass or other material 
having dimensions of about 1 to 100 centir.eters in 

20 length and about 0.1 to 15 millimeters in inside dia- 
meter • The chromographic column commonly contains a 
packing which comprises an inert support material which 
is physically coated or chemically bonded to a station- 
ary phase and can contain other material. The support 

25 material is of a particle size which is sufficiently 
small to present sufficient surface area for efficient 
resolution of additive components but is of. large enough 
size that the column is permeable to the flow of solvent 
and does not plug. Relatively small particle size 

30 support material can plug the column and reduce the 
permeability of the chromographic column. Accordingly, 
the support material has a particle size of 2 to 100 
microns, preferably 2 to 20 microns, and most preferably 
for reasons of low cost and high component resolution 3 

35 to 10 microns. 

The stationary phase which interacts with the 
analyzed material in the presence of the mobile phase to 
resolve the materials is commonly an organic material 
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which is physically coated or chemically bonded to the 
stationary phase. The stationary phases are corr.monly 
silica to which specific moieties have been cherr.icaliv 
bonded (phenyl, octadecyl, octyl,' dimethyl, amino", 
nitrile, diol, etc. are typical moieties). Preferred 
stationary phases for use in the high pressure liquid 
chromotography apparatus of this invention comprise 
C 6 _ 24 aliphatic hydrocarbons chemically bonded to the 
support. These stationary phases are available as 
reacted supports or as a prepacked commercial analytical 
columns. 

The outlet of the chromographic column is commonly 
connected in liquid communication with a detector 
means. The detector means commonly comprises a cell 
which can measure the ultra-violet absorbance, refrac- 
tive index, thermal or electrical conductivity, electro- 
chemical activity, or other indication of the resolved 
component in the mobile phase as it flows through the 
cell. Such characteristics are electronically monitored 
and are read out onto a recording chart, stored by 
electronic or computer components, or otherwise re- 
corded. A combination of the above detectors or moni- 
tors can be used to determine the presence and relative 
concentration of each resolved additive component as it 
flows through the cell. 

The preferred HPLC apparatus of the invention 
contains a precolumn means inserted in fluid communica- 
tion between the pump and the sample introduction means. 
The purpose of the precolumn means is to condition the 
solvent with dissolved silica to prevent dissolution of 
silica support in the guard and chromatographic columns. 
The silica material in the guard and the chromatographic 
columns has a small but finite solubility in a variety 
of the solvent systems and used as the mobile phase in 
the HPLC apparatus and method. The stability of the 
chromatographic column is of primary importance since 
minor changes in the column can result in major inac- 
curacy. The precolumn contains silica which comes in 
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contact with the mobile phase as it passes through the 
precolumn and dissolves into the mobile phase at a known 
or measurable rate* Since the rate of dissolution of 
silica into the solvent stream is known r the precolumn 
can be changed at predetermined intervals to insure that 
the solvent stream is continually conditioned for 
accurate chromatography. The precolumn can commonly 
comprise a flexible or inflexible tube , containing a 
silica composition,, made of plastic, ceramic, metal, 
glass or other material having dimensions of about 1 to 
100 centimeters in length and about 0.1 to 10 milli- 
meters in inside diameter. The precolumn can contain a 
silica material identical with the analytical column 
packing or can contain a silica composition essentially 
free of the stationary phase material. The precolumn 
packing material is retained within the column using 
commonly available retention means. At the inlet and 
outlet of the precolumn is installed commonly available 
means for attaching the precolumn in liquid communica- 
tion with the sample introduction means and the pump. 

Similarly with the packing mater i al in the guard 
column and the chromatographic column the stationary 
phase packing material is selected to maintain suffi- 
cient solvent flow and to reduce pressure drop across 
the column. The stationary phase packing should be of 
sufficiently small particle size to present sufficient 
surface area for dissolution of silica material, however 
the particle size of the stationary phase should be 
large enough to prevent the tendency of the relatively 
small particles of stationary phase to plug and reduce 
the permeability of the chromatographic column thus 
increasing pressure drop across the guard column. 
Accordingly the packing material should have a particle 
size of 2 to 20 microns, and most preferably for reasons 
of low cost, high component resolution and low pressure 
drop, of about 3 to 10 microns. 

The mobile phase after detection ccmmonly flows 
into a waste collection system. 
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Aqueous solvents useful in the HPLC apparatus and 
method commonly comprise well known buffers adjusted to 
closely control the pH for maximum resolution of 
components. The aqueous phase can also contain an ion 
5 paring agent which will shift the ionic equilibria 
between the analyte and the column support to aid in 
enhanced resolution. Many organic solvents such as 
acetonitrile, methanol, ethanol, and tetr ahycrof uran 
are organic solvents and have utility in the invention, 

10 Preferred organic solvents include acetonitrile and 
tetrahydrof uran, etc. A mobile phase used in the HPLC 
apparatus and method can be a mixed aqueous organic 
solvent wherein the solvent contains about 1 part of 
aqueous solvent per each 0,01 to 100 parts of organic 

15 solvent. 

The high pressure liquid chromotogr aphy apparatus 
can be programmed so that a continually varying propor- 
tion between organic and aqueous phases can be applied 
to the sample introduction means. The above high 

20 pressure liquid chrcmotrography apparatus is primarily 
adapted to the quantitative determination of relatively 
low molecular weight brightener organic compounds having 
a molecular weight of less than about 2,000. Higher 
molecular weight polymeric constituents are most 

25 commonly analyzed after separation from the plating 
media using size exclusion chromatography (SEC) which 
provides an accurate measurement of polymer size and 
size distribution. 

Further information can be derived from the analy- 

30 sis of plating media by measuring the total organic 
carbon content of the media. A typical total organic 
carbon analysis is detailed in method 4.15.1, "Methods 
for chemical analysis of water and wastes", EPA-600/4- 
79-020, EMSL, Cincinnati, (1979). A combination of the 

35 high pressure liquid chromotogr aphy analysis , the size 
exclusion chromatography analysis, and the total 
organic carbon analysis of plating baths provide a 
highly accurate control scheme enabling plating operat- 
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ors to monitor plating bath additions and to optimize 
the plating quality of the metal deposit* Using these 
monitoring systems, the concentration of brightener can 
be made, molecular weight distribution of the polymeric 
5 constituents can be made, and a determination of the 
contamination of the plating bath by other organic 
constituents can be made by subtracting a known bright- 
ener concentration and the polymer concentration from 
the total organic determination value. Using these 

10 data r it no longer is guesswork to determine when a 
plating bath requires treatment to add or remove organic 
constituents or to replace or replenish additives with 
fresh material for consistent plating bath performance. 
Description of Preferred 

15 Embodiment of High Pressure 

Liquid Chromotography Apparatus 
A Hewlet Packard 1084B liquid chromotogr aph was 
equipped with a chromatographic column 4.0 mm in inside 
diameter and 250 millimeters in length. The chromato- 

20 graphic column contained packing comprising a silica 
support having approximately 1 gram of a alcohol 
chemically bonded to the silica hydroxyl groups (in an 
octadecyl silyl bonded phase). 

Attached to the inlet of the chromographic column 

25 in fluid communication was the outlet of a guard column 
containing 0.1 gram of the same packing of the analyti- 
cal column. The inlet of the guard column was attached 
in fluid communication with the outlet of a sample 
injection system having an injection volume of 10 

30 microliters. Attached to the inlet of the sample 
injection valve is the outlet of a precolumn containing 
a silica packing. Attached' to the inlet of the pre- 
column was a source of solvent under pressure. A mixed 
aqueous mobile phase was used which comprised in the 

35 aqueous phase a 0.01 molar KH 2 P0 4 buffer of pH 2.3 
and an organic phase comprising acetonitr ile . A solvent 
T.eans was programmed to permit solvent flow at the rate 
cf 1.0 milliliters per minute and to mix the organic and 
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aqueous phase at a ratio cf about 10 parts of organic 
phase per 100 parts of total solvent flow. A solvent 
column and precolumn were maintained at 50°C. The 
chromatograph used an ultraviolet light detector ad- 
5 justed to a wavelength of 205 nM. 

Detailed Description of the Drawings 
FIGURE 1 shows a block diagram of a preferred 
embodiment of the high pressure liquid chromotography of 
this invention. The source of solvent f or mobile phase , 

10 11 comprises two containers, one having an organic 
solvent and the other an aqueous solvent. The gradient 
device 12 mixes the aqueous and organic solvents at 
constant or varying ratios and delivers the mixture to a 
pump 13 which provides high pressure for the chromo- 

15 graphic analysis. The mobile phase passes through a 
precolumn 14 which saturates the mobile phase with 
silica. The sample is injected into the high pressure 
liquid mobile phase at the sample introduction means 15 
and carried to the guard column 16. The guard column 

20 packing absorbs substantially all the highly acidic or 
basic components in the sample and the balance of the 
sample passes from the guard column into the chromato- 
graphic column 17. The interaction between the organic 
constituents of the sample and the stationary phase in 

25 the presence in the mobile phase resolves the sample 
into detectable segments which are detected in the 
detector 18. 

FIGURE 2 shows an analysis of a plating bath 
having two major peaks. The first peak 21 comprises 
30 very small amounts of inorganics such as CuS0 4 , H 2 S0 4 , 
CI , which remain after treatment in the guard col- 
umn and the second peak 22 is the organic brightener 
component . 

FIGURE 3 shows a high pressure liquid chromato- 
35 graphic analysis of a commercial brightener additive. 
The analysis shows that it has three major components 
30, 31 and 32. 

FIGURE 4 shows that the high pressure liquid 
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chromatography analysis of the brich^er.er in the placing 
bath has a linear relationship between the concentraticr. 
of additive and integration units. 

I have shown that using the high pressure liquid 
5 chromatography method and apparatus of this invention in 
combination with a total organic carbon analysis and a 
size exclusion chromatography or gel permeation chroma- 
tography analysis , the nature of the bath additives can 
be monitored. The concentration of the brighteners or 

10 levelers can be measured, the molecular weight distribu- 
tion of the polymer can be monitored for the creation of 
low molecular weight species from the high molecular 
polymer, and the total organic concentration of the bath 
can be measured using the total organic carbon analysis 

15 to yield a measure of plating bath contaminants . With 
such monitoring the concentration of the additives can 
be augmented or the organic constituents of the bath can 
be removed by peroxide treatment before any adverse 
effects result on the printed circuit board. 

20 The specification and Drawings are illustrative cf 

the invention. However, since the invention can have 
many embodiments without departing from the spirit and 
scope of the invention, the invention resides solely in 
the claims hereinafter appended. 

25 
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CLAIMS 

1. An HPLC that can determine the concentration 
of organic additives in an acidic or basic metal 
plating bath medium which comprises: 
5 (a) a chromatographic column, containing a 

stationary phase and a support phase composition , 
having an inlet and an outlet; 

(b) a detector means for measuring the relative 
concentration of organic constituents, having an 

10 inlet and an outlet wherein the chromatographic 

column outlet is attached in liquid communication 
to the detector inlet; 

(c) a second column having a packing comprising 
at least a stationary phase composition and an 

15 inlet and an outlet wherein the second column outlet 
is connected in liquid communication with the 
chromatographic column inlet, wherein the second 
column stationary phase composition can substantially 
reduce the affect of the acidic or basic components 

20 of the sample on the reproducibility, precision 
or accuracy of the analysis; 

(d) a sample introduction means having an 
inlet, an outlet and a sample introduction port, 
wherein the sample introduction means outlet is 

25 attached in liquid communication to the second 
column inlet; and 

(e) a source of solvent under pressure attached 
in liquid communication to the sample introduction 
means inlet. 

30 2. An HPLC as claimed in claim 1, wherein 

between the source of solvent and the sample intro- 
duction means is placed a third column having 
sufficient support phase to saturate the. solvent 
with dissolved support phase. 

3 5 3 . An HPLC as claimed in claim 1 or 2, 

wherein the second column packing has a particle 
size of about 2 to 20 microns. 
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4. An HPLC as claimed in any of claims 1 
to 3, wherein the third column packing has a 
particle size of about 2 to 20 microns. 

5. An HPLC as claimed in any of claims 1 
5 to 4 , wherein the chromatographic column packing 

has a stationary phase comprising a silica and 
a support comprising a C g _ 24 aliphatic hydrocarbon 
chemically bonded to the silica , and wherein the 
packing has a particle size of 2 to 20 microns. 

10 6. An HPLC as claimed in any of claims 1 

to 5, wherein the source of solvent under pressure 
comprises at least one or more solvent containers r 
a gradient device that can provide a mixture of 
solvent under constant or varying ratio , and a 

15 pump which can provide a solvent flow of 0.01 milli- 
liters per minute to 10 milliliters per minute 
at a pressure of about 1 to 10,000 psi, 

7. An HPLC as claimed in any of claims 1 
to 6, wherein the sample introduction means has 

20 a sample size of about 1 to 200 microliters* 

8. An HPLC as claimed in any of claims 1 

to 7, wherein the detector means is able to detect - 
the relative absorption of ultraviolet light by 
the organic additive. 

25 9. A method for the HPLC determination of 

the concentration of organic additive in an acidic 
or basic metal plating bath medium, which comprises 
applying 'an untreated sample of the plating bath 
to the sample introduction means of an HPLC as 

3 0 claimed in any of claims 1 to 8 under conditions 
of mobile phase flow through the HPLC of about 
0.01 to 100 milliliters per minute. 

10. A method according to claim 9, wherein 
the plating bath medium is analyzed for polymer 

3 5 size distribution and total organic carbon. 
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